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Abstract: In this study, the canola stalk cutting parameters including modulus of mass density of stalk, special work of useful 
cutting, coefficient of cutting useful work and crush resistance coefficient were examined.  For the tests, testing machine 
Instron (Model Santam STM-5) with 50 N load cell was used.  Cutting was performed with a saw-serrated cutting blade that 
was attached to the Instron movable jaw.  Stems were cut at three diameter levels (1 to 3, 3 to 5 and more than 5 mm), three 
cutting speed levels (75, 115 and 150 mm/minute), three cutting angles (0°, 30° and 60°) and three replicates.  Cutting 
parameters including modulus of mass density of stalk, special work of useful cutting, coefficient of cutting useful work and 
crush resistance coefficient were examined.  Tests lasted for each stem until the full cut.  Data requirements were obtained 
from Force-Deformation curve.  The results showed that the modulus of mass density, special work of useful cutting and 
crush resistance coefficient were enhanced by increasing the diameter and cutting angle.  As well as modulus of mass 
density, special work of useful cutting and crush resistance coefficient were decreased by increasing the cutting speed.  Also, 
the coefficient of cutting useful work was enhanced by increasing diameter, but the changes in the diameter and cutting speed 
had no significant effect on it. 
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1  Introduction1 
The scientific name of Canola is Brassica napus (L.) 
and it is considered as one of the crop plants of the 
cabbage family found in both autumn and spring types.  
It can be grown in different soil and climatic zones 
(Eslam, 2009; Hazbavi and Minaei, 2008).  These 
characteristics have turned Canola to one of the most 
important agricultural products, in the field of industrial 
and food uses in the world, both its seed and oil can be 
used (Imanmehr et al., 2007).  In addition to the 
above-mentioned cases, Canola is the world's largest 
source of biodiesel production and the products such as 
                                                 
Received date: 2016-01-01      Accepted date: 2016-03-21 
*Corresponding author: Mohsen Azadbakht, Department of 
Bio-System Mechanical Engineering, Gorgan University of 
Agricultural Sciences and Natural Resources, Gorgan, Iran.  
Email: azadbakht@gau.ac.ir. 
Margarine (Imanmehr et al., 2007).  It is currently the 
world's third largest oil plant and is the world's second 
food storage product after grain (Hazbavi and Minaei, 
2008).  Given the many advantages of Canola, 
machineries suitable for harvesting, processing, 
transportation and storage should be designed to enhance 
work efficiency and avoid losses that occur during labor.  
For the design of machines, knowing their physical, 
resistive, mechanical and aerodynamic properties is 
important (Imanmehr et al., 2007).  The mechanical 
properties also include some different forces applied to 
the plant (Azadbakht et al., 2015).  In every country, 
designing cars fit with agricultural products should be 
considered to increase work efficiency.  However, 
knowing cutting energy of stem is a very important 
criterion for the design of desired machines (Hoseinzadeh 
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and Shirneshan, 2012).  There are several studies in this 
area some of which are pointed out:  
Researchers noted on designing a machine to harvest 
wheat that the type of machine and the blades and their 
speed is very important and they proposed a 30° angle to 
cut the stems of 2-5 cm (Ghahrae et al., 2008). 
Other researchers studied on cutting and bending 
properties of the Canola stalk and reported that with the 
increase in stem diameter, the bending stress and Young's 
Modulus reduce and shear strength increases 
(Hoseinzadeh and Shirneshan, 2012).  
Other scholars studied the energy used for Canola 
stalk cutting, and reported that with increasing humidity, 
cutting energy increased and with increasing altitude, 
cutting energy decreased (Azadbakht et al., 2015a).  
Vale Ghozhedi et al. (2010) conducted an experiment on 
the properties of saffron stem and reported that cutting 
force of the stem is affected by factors such as variety, 
speed and the type of blade and observed that with 
increasing cutting speed from 20 to 200 mm/min, shear 
strength and energy consumption for cutting per unit area 
of stem declined, while with a further increase in speed, 
shear strength, and energy consumption did not decline.  
According to researchers’ experiments on the ultimate 
shear strength of Alfalfa, it was announced that the shear 
strength has been variable between 0.6-17.95 MPa (Halyk 
and Hurlburt, 1968).  A researcher showed that the 
cutting speed has a significant impact on cutting energy, 
and by increasing the moisture content throughout the 
stalk, its shear strength is reduced and the higher moisture 
content must lead to higher cutting force and the 
increased stem diameter must lead to increased cutting 
force.  But the cutting force is inversely related to jump 
height and whatever stem cutting reduces, cutting energy 
increases (Persson, 1987).  Other researchers studied the 
effect of the number of stems and blades type on the 
cutting force of rice straw.  The maximum cutting force 
was measured for 6, 12 and 24-category of stems in two 
types of serrated and non-serrated blade.  Increasing the 
number of stems enhanced the cutting force, but the 
number of stems and cutting force were not increased 
proportionally, the average maximum force in smooth 
type blade was 139 N and in serrated type blade was 135 
N (Chancellor, 1965). 
Azadbakht et al. (2015b) in effect of irrigation 
regimes and the plant density on shear strength and 
physical properties of Azivash stem, determined cutting 
force, shear strength and energy per unit area of stem.  
Researchers determined the effect of knife velocity on 
cutting energy and efficiency during the impact cutting of 
sorghum stalk.  And cutting energy requirement showed 
negative linear correlation with knife weight and stalk 
moisture content with cutting efficiency showing positive 
linear correlation with the parameters (Yiljep and 
Mohammed, 2005).  Johnson et al. (2012) determined 
the cutting energy of Miscanthus x giganteus stems at 
three oblique angles and three cutting speeds and 
observed that the specific cutting energy was directly 
proportional to the cutting speed and cutting energy was 
proportional to the stem diameter.  Other researchers 
investigated soybean stems cutting energy and the effects 
of blade parameters in four different blade velocities, five 
different blade bevel angles, five oblique angles and five 
tilt angles.  They observed that the optimum value of 
specific cutting energy was obtained at blade bevel angle 
of 23˚, oblique angle of 30˚, tilt angle of 25˚ and blade 
velocity of 3.75 m/s (Tabatabae koloor and Kiani, 2007).  
Prasad and Gupta (1975) investigated the 
mechanical properties of corn associated with corn 
harvest using an Impact Cutter Device and reported the 
value of 55° for the cutting angle and 2.65 m/s for the 
cutting speed.  Other researchers also showed that with 
increasing humidity and angle, cutting energy level 
increases and an increase in cutting speed reduces cutting 
energy (Hosseinzadeh et al., 2009).  Given that the need 
for comprehensive information about the mechanical 
properties of agricultural crops and forage plants are 
necessary, the aim of this study was to determine the 
parameters of the Canola stalk cutting influenced by 
various factors such as cutting speed, cutting angle and 
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stem diameter in order to design harvesting machines 
with high efficiency and the lowest energy consumption 
as well as reducing damage to plants during harvest. 
Given that the need for comprehensive information 
about the mechanical properties of agricultural crops and 
forage plants are necessary, the aim of this study was to 
determine the parameters of the Canola stalk cutting 
influenced by various factors such as cutting speed, 
cutting angle and stem diameter in order to design 
harvesting machines with high efficiency and the lowest 
energy consumption as well as reducing damage to plants 
during harvest. 
2  Materials and methods 
2.1 Sample Preparation  
Canola stalk variety of the "GSM-R" harvested from 
the farm was used in this study.  After collecting, to 
determine the moisture content, the Canola stalks were 
taken to Gorgan University of Agricultural Sciences and 
Natural Resources laboratory and put in the oven.  Stalk 
samples were held in the oven at 103°C for 17 hours and 
then their moisture was measured in this experiment 
according to the standards (Chandio et al., 2013). 
2.2 Mechanical properties of the stalk 
For mechanical testing, Instron machine (Model 
Santam-STM5) was used with a 50 N load cell.  A 
saw-serrated cutting blade was attached to Instron 
Movable Cutting Jaw according to Figure 1.  Stalks 
were cut at three diameter levels of (1 to 3, 3 to 5 and 
more than 5 mm), three positioning angles on the Instron 
fixed cutting Jaw (0˚, 30˚ and 60˚) and three levels of 
cutting speed (75, 115, 150 mm/min) in three replications.  
Tests for each stalk lasted until the full cut.  Data 
requirements were obtained from Force-Deformation 
curve.  And data analysis was conducted using a 
factorial experiment in a Completely Randomized Design 
with the help of SAS software and LSD test.
2.3 Principles of theory 
By moving the movable jaw, cutting operation was 
performed and Force-Deformation curve was plotted by 
Instron (Figure 2).  Modulus of mass density of stalk, 
special work of useful cutting, coefficient of cutting 
useful work and crush resistance coefficient as well as 




Figure 1  Optimum placement and stalk cutting 
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2.3.1 Modulus of mass density  
Modulus of mass density was calculated by Equation (1) 
(Bernacki, 1972): 
      
 
                                                  
Where,   =Modulus of mass density;     = The 
maximum force, N; H =Total displacement, mm. 
 
2.3.2 Special work of useful cutting 
To calculate the special work of useful cutting, Equation 
(2) was used (Bernacki, 1972): 
 
a = 
    
     
                                                
Where,      = The maximum force, N; Dstem= The 
diameter of stalk, mm. 
2.3.3 Coefficient of cutting useful work 
The Coefficient of cutting useful work was calculated by 
Equation (3) (Bernacki, 1972): 
    
 
    
                                         
Where,  = Coefficient of cutting useful work;   =The 
area under the curve after cutting , mm
2
; A' = The area 
under the curve before cutting, mm
2
 
2.3.4 Crush resistance coefficient 
To calculate the crush resistance coefficient, Equation (4) 
was used (Bernacki, 1972): 
    
    
  
                                            
Where,    = Displacement to a maximum cutting force, 
mm;     = The maximum force , N. 
 
3 Results and discussion 
3.1 Modulus of mass density  
According to Table 1, diameter and angle changes at 
the probability level of 1% and the changes of speed at 
the probability level of 5% were effective on modulus of 
mass density of object.  Also the interaction of diameter 
with speed and angle is significant at the probability level 
of 5%.  Therefore, the comparison of means was 




Figure 2  Force-deformation diagram at canola stalk cutting 
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3.1.1 Interaction between diameter and the cutting speed 
The findings in Table 2 showed that the highest and 
the lowest modulus of mass density of stalk in stem were 
equal to 488.81 and 8.38 respectively at the speeds of 75 
mm/min and 115 mm/min and in diameters more than 5 
mm and between 1-3 mm.  Also, by increasing the 
diameter and decreasing the speed, modulus of mass 
density of stalk was increased.  Given to Equation (1), 
the modulus of mass density has a direct relationship with 
cutting force and cutting relocation.  Because by 
increasing the diameter, the value of cutting force and the 
relocation of the blade for cutting are increased, the 
modulus of mass density is also increased.  As well as 
increased cutting speed reducing cutting forces, it reduces 
the module of mass density.  It seems that the difference 
between the modulus of density in different diameters has 
been due to the relocation to stem full cutting.  More 
than 5 mm in diameter, because relocation to full cut is 
more, so more difference can be seen with other 
diameters. 
3.1.2 Interaction of diameter and cutting angle 
The effect of angle changes in various diameters on 
modulus of mass density of stalk has been shown in Table 
2.  The most and the least modulus of mass density of 
stalk in stem were 510.08 and 5.07 in angles of 60˚ and 0˚ 
and in diameters more than 5 mm and between 1-3 mm, 
respectively.  Modulus of mass density of stalk was 
increased with increasing the angle and diameter.  
Modulus of mass density has direct relationship with 
cutting force and relocation.  Cutting force was 
increased with increasing the cutting angle, since the ratio 
of relocation of moving blade for full cutting was 
enhanced by rising oblique angle and that is why modulus 
of mass density was increased.  More difference among 
diameters can be observed due to the difference of 
relocation to stem full cutting.
  
Table 1  Analysis of variance of the diameter, cutting angle and loading speed effects on the mechanical 
properties of the Canola stalk 
Crush resistance 
coefficient 
Coefficient of cutting 
useful work 
Special work of useful 
cutting 






















































 Speed × angle 
0.700 0.017 2.48 3980.81 Error 
Note: ** and *Significant difference at 1% level (p <0.01) and at 5% level (p <0.05) respectively, ns not significant difference. 
Table 2  Interactions between diameter with cutting angle and speed for modulus of mass density 
 Diameter, mm  Speed, mm/s 












































Note: Lowercase letters in each row, uppercase letters in each column represent no significant difference 
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3.2 Special work of useful cutting 
According to Table 1, the effects of changes in 
speed, diameters and angle at the probability level of 1% 
on special work of useful cutting is significant.  
Considering Figure 3, special work of useful cutting 
decreases with increasing cutting speed; the highest ratio 
was 4.901 at a speed of 75 mm/min and the lowest ratio 
was observed at 150 mm/min equal to 2.61.  As shown 
in Equation (2), special work of useful cutting is directly 
related to cutting force.  The cutting force was declined 
with increasing the speed, because at low speeds, the 
stem is firstly pressed in front of the blade and then cut.  
Whereas, at high speeds stems density is reduced due to 
the viscoelastic properties of the plant matters; thus 
special work of useful cutting has been also declined.
Given to Figure 4, the cutting angle increases the 
amount of special work of useful cutting and the highest 
ratio (5.4) was at an angle of 60° and the lowest ratio 
(2.66) was at 0°.  Maximum cutting force was enhanced 
by the increasing angle.  Since special work of useful 
cutting has a direct relationship with maximum cutting 
force, hence, special work of useful cutting was increased 
by rising cutting angle.
 
Figure 3  Effect of loading speed on special work of useful cutting 
 
 
Figure 4  Effect of cutting angle on special work of useful cutting 
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Figure 5 illustrates that special work of useful 
cutting was increased by rising diameter; the average five 
special work of useful cutting in diameter more than 5 
mm was 7.89 and the lowest mean was 1.601 in diameter 
of 1-3 mm.  By increasing the diameter, the cutting force 
increased because larger cross section leads to more 
contact area and as a result, friction increases between the 
stems and the blade as well as special work of useful 
cutting is increased by rising cutting force.
3.3 Coefficient of cutting useful work 
According to Table 1, only the diameter changes at 
the level of 1% had significant effect on coefficient of 
cutting useful work.  Given to Figure 6, the coefficient 
of cutting useful work was increased by rising the 
diameter; average coefficient of cutting useful work in 
diameter more than 5 mm was 0.186 and the lowest ratio 
was 0.354 in diameters of 1-3 mm.  Increased diameter 
leads to an increase in cutting energy because cutting 
energy is equal to the area under the force-relocation 
curve; therefore, increased diameter causes enhancing the 
cutting force, relocation and cutting energy and resulting 
in increased coefficient of cutting useful work.
 
Figure 5  Effect of diameter on special work of useful cutting 
 
 
Figure 6  Effect of diameter on coefficient of cutting useful work 
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3.4 Crush resistance coefficient 
Given to the results of Table 1, the effects of 
changes in diameter and speed and angle at the level of 1% 
on crush resistance coefficient are significant.  As well 
as the interaction of crush resistance coefficient with 
diameter and speed and angle at the level of 1% and 
cutting angle and speed at the level of 1% are significant.  
Comparison of means was performed using LSD test and 
the results have been shown in Table 3. 
3.4.1 Interaction of diameter and speed 
As is shown in Table 3, the highest and the lowest 
crush resistance coefficient in stem were 7.44 and 0.428 
respectively at the speeds of 75 mm/min and 150 mm/min 
and in diameters more than 5 mm and between 1-3 mm.  
Crush resistance coefficient was reduced by increasing 
the speed, and was increased by rising diameter.  
According to Equation (4), crush resistance coefficient 
has a direct relationship with cutting force.  Given to 
obtained data, the cutting force was decreased by 
increasing the speed so resulting in a decrease in crush 
resistance coefficient.  Also cutting force was enhanced 
with increasing the diameter so resulting in an increase in 
crush resistance coefficient. 
3.4.2 Interaction of diameter and cutting angle 
The results of Table 3 indicated that the most and 
the least crush resistance coefficient in stem were found 
7.24 and 0.414 in angles of 60˚ and 0˚ and in diameters 
more than 5 mm and between 1-3 mm.  Crush resistance 
coefficient was decreased by rising cutting angle and 
diameter. Cutting force and relocation were enhanced by 
increasing diameter and resulting in increased crush 
resistance coefficient.
4 Conclusions 
The investigation of constant cutting parameters of 
canola stem including coefficient of cutting useful work, 
modulus of mass density of stalk, crush resistance 
coefficient, special work of useful cutting indicated the 
following results: 
(1). Coefficient of cutting useful work was enhanced by 
increasing diameter, but the changes in the diameter and 
cutting speed had no significant effect on it. 
(2). Modulus of mass density, special work of useful 
cutting and crush resistance coefficient were enhanced by 
increasing the diameter and cutting angle. 
(3). Modulus of mass density, special work of useful 
cutting and crush resistance coefficient were decreased by 
increasing the cutting speed. 
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